Abstract: Economic production quantity (EPQ) model is analyzed for trended demand and the units which are subject to constant rate of deterioration. The system allows rework of imperfect units and preventive maintenance time is random. The proposed methodology, a search method used to study the model, is validated by a numerical example. Sensitivity analysis is carried out to determine the critical model parameters. It is observed that the rate of change of demand and the deterioration rate have a significant impact on the decision variables and the total cost of an inventory system. The model is highly sensitive to the production and demand rate.
INTRODUCTION
Due to out-of-control of a machine, the produced items do not satisfy the codes set by the manufacturer, but can be recovered for the sale in the market after reprocessing. This phenomenon is known as rework, Schrady(1967) . At manufacturer"s end, the rework is advantageous because this will reduce the production cost. Khouja (2000) modeled an optimum procurement and shipment schedule when direct rework is carried out for defective items. Kohet al. (2002) and Dobos and Richter (2004) discussed two optional production models in which either opt to order new items externally or recover existing product. Chiu et al. (2004) studied an imperfect production processes with repairable and scrapped items. Jamal et al. (2004) , and later Cardenas -Barron (2009) analyzed the policies of rework for defective items in the same cycle and the rework after N cycles. Teunter (2004) , and Widyadana and Wee (2010) modeled an optimal production and a rework lot-size inventory models for two lot-sizing policies. Chiu (2007) , and Chiu et al. (2007) incorporated backlogging and service level constraint in EPQ model with imperfect production processes. Yoo et al. (2009) studied an EPQ model with imperfect production quality, imperfect inspection, and rework.
The rework and deterioration phenomena are dual of each other. In other words, the rework processes is useful for the products subject to deterioration such as pharmaceuticals, fertilizers, chemicals, foods etc., that lose their effectivity with time due to decay. Flapper and Teunter (2004) , and Inderfuthet al. (2005) discussed a logistic planning model with a deteriorating recoverable product. When the waiting time of rework process of deteriorating items exceeds, the items are to be scrapped because of irreversible process. Wee and Chung (2009) analyzed an integrated supplier-buyer deteriorating production inventory by allowing rework and just-in-time deliveries. Yang et al. (2010) modeled a closed-loop supply chain comprising of multi-manufacturing and multi-rework cycles for deteriorating items. Some more studies on production inventory model with preventive maintenance are by Meller and Kim (1996) , Sheu and Chen (2004) , and Tsou and Chen (2008) .
Abboudet al (2000) formulated an economic lot-size model when machine is under repair resulting shortages. Chung et al. (2011) , Wee and Widyadana (2012) developed an economic production quantity model for deteriorating items with stochastic machine unavailability time and shortages.
In the above cited survey, the researchers assumed demand rate to be constant. However, the market survey suggests that the demand hardly remains constant. In this paper, we considered demand rate to be increasing function of time. The items are inspected immediately on production. The defective items are stored and reworked immediately at the end of the production up time. These items will be labeled as recoverable items. After rework, some recoverable items are declared as "good" and some of them are scrapped. Preventive maintenance is performed at the end of the rework process and the maintenance time is considered to be random. Here, shortages are considered as lost sales. Two different preventive maintenance time distributions are explored viz. the uniform distribution and the exponential distribution. The paper is organized as follows. In section 2, notations and assumptions are given. The mathematical model is developed in section 3. An example and the sensitivity analysis are given in section 4. Section 5 concludes the study. 
MATHEMATICAL MODEL
The rate of change of inventory is depicted in Figure1 Under above mentioned assumptions, the inventory level during production up time can be described by the differential equation
The inventory level during rework up time is governed by the differential equation
The rate of change of inventory level during production down time is 
Under the assumption of LIFO production system, the rate of change of inventory of good items during rework up time and down time is governed by     
The total inventory in a production up time is
 , solution of (2) 
and total inventory in a rework up time is   
The rate of change of inventory level of recoverable item during the rework up time is governed by differential equation 
The total inventory of recoverable item during rework up time is 
Since the inventory level at the beginning of the production down time is equal to the inventory level at the end of the production up time minus the deteriorated units at 34 rr TT  , using Misra(1975) , the approximation concept, we have 
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The inventoryfor serviceable item in rework process is     T . The total production cost of inventory system is sum of production set up cost, holding cost of serviceable inventory, deteriorating cost of recoverable inventory cost, and scrap cost. Therefore, 
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Using equations (33) and (34), the total cost per unit time for lost sales scenario is
Uniform distribution Case
Define the probability distribution function   ft, when the preventive maintenance time t follows uniform distribution as follows. 
 
The optimal production up time for lost sales case is solution of
To decide whether manufacturer should allow lost sales or not, we propose following steps (Wee and Widyadana (2011) 
TCT T using equation (31).
Step 
NUMERICAL EXAMPLE AND SENSITIVITY ANALYSIS
In this section, we validate the proposed model by numerical example. First, we consider uniform distribution case. Take $200 A  per production cycle, 10,000 P  units per unit time, 
Figure 3: Convexity of Total Optimal Cost with Uniform Distribution
The sensitivity analysis is carried out by changing one parameter at a time by 40%, 20%, 20% and 40%     . The optimal production up time and the total cost per unit time for different inventory parameters are exhibited in Table 1 . Take mean of exponential distribution as 20. The optimum total cost is $ 5116 when the optimal production up time is 0.14 years. The convexity of the total cost is shown in Figure 8 . 
CONCLUSIONS
In this research, the economic production quantity model for deteriorating items is studied when demand is time dependent. The rework of the items is allowed and random preventive maintenance time is incorporated. The model considers lost sales. The probability of machine preventive maintenance time is assumed to be uniformly and exponentially distributed. It is observed that the production up time is sensitive to demand rate and deterioration. It suggests that the manufacturer should control deterioration of units in inventory by using proper storage facilities. The optimal total cost per unit time is sensitive to changes in the holding cost, the product defect rate, and the production rate in both the distributions. This suggests that the manufacture should depute an efficient technician to reduce preventive maintenance time. This model has wide applications in manufacturing sector. Because of using machines for a long period of time,manufacturer facesimproper production, some customers are not satisfied with the quality of the production so, manufacturer has to adopt rework policy.Future research by considering constraints on the machine"s output, machine"s life time will be worthy.
